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Summary
Grapes grown in warm climates have shorter rip-
ening periods. This makes the regular level of several 
compounds related to sensory properties in wine to re-
main low. Therefore, those grapes need to receive a par-
ticular treatment during winemaking processes if they 
have to reach the adequate content levels of colour and 
aroma related compounds. Applying ultrasound during 
some of the winemaking procedures may contribute to 
improving the maceration process, which would result 
in a higher recovery of compounds from grape skins 
and seeds to the must. This work studies the effect of 
applying ultrasound to 'Syrah' musts for two differ-
ent time lengths during its alcoholic fermentation. The 
wines produced according to regular winemaking pro-
cedures (reference wines) were then compared to wines 
that had been produced under the effect of ultrasound 
for 30 to 60 min per day. The results showed that the 
wines produced using ultrasound had concentrations 
of volatile compounds higher than their reference wine. 
These data were consistent with the results from the 
tasting panel, where the judges highlighted the red 
fruit notes of the wines resulting from the application 
of ultrasound during the alcoholic fermentation. On 
the other hand, there were differences between the two 
wines resulting from applying ultrasound for two dif-
ferent lengths of time, applying ultrasound for 30 min 
per day proved to be more effective in terms of aroma 
than applying ultrasounds for 60 min per day. 
The conclusion of this research is that applying 
ultrasound during the alcoholic fermentation favours 
the extraction of volatile compounds. However differ-
ent times can produce different results. Furthermore, 
an excessive application of ultrasound may lead to the 
degradation of some of the compounds of interest.
K e y  w o r d s :  ultrasounds; volatile compounds; 'Syrah'; 
red wine; grape.
Introduction
In the traditional production of red wine, the alcoholic 
fermentation phase is directly related to the incorporation 
of some of the components in the solid parts of grapes into 
the grape juice in order to provide wine with its charac-
teristic properties. The extraction results depend on sev-
eral factors, such as ethanol concentration, cap manage-
ment and temperature. These factors can be managed to 
provide optimum conditions for the alcoholic fermentation 
(sACChi et al. 2005, Bosso et al. 2009, gonzález-neves 
et al. 2012). Wineries often use other procedures, before 
the alcoholic fermentation, as a simple way to selectively 
extract aromatic components and anthocyanins that may 
have a significant benefit on the resulting wine (álvARez 
et al. 2009). For example, pre-fermentative maceration 
at low temperature, produced wines with more colour in 
some cases (CAsAssA et al. 2015). Another study on the ef-
fect of prefermentative maceration on 'Monastrell' and 'Ca-
bernet Sauvignon' grape varieties showed increased levels 
of proanthocyanidins in the final wines (Busse-vAlveRde 
et al. 2010). Regarding 'Syrah' wines, different pre-fer-
mentative maceration times directly affect their phenol-
ic content. (Cejudo-BAstAnte et al. 2014). The effects of 
pre-fermentative maceration was evaluated on 'Cabernet 
Sauvignon' grapes for a period of 10 d at 10 °C before start-
ing the alcoholic fermentation. Using these conditions, the 
contents of anthocyanins, catechin and epicatechin clearly 
increased in comparison to the traditional process (PAn-
PRiveCh et al. 2015). 
New options have been proposed over the last few 
years to enhance the effects of pre-fermentative macera-
tion. Ultrasound has already been proposed as an interest-
ing option to speed up extraction processes. At laboratory 
level, works have been developed that focus on how to ex-
tract aromatic components by means of ultrasounds (vilA 
et al. 1999, heRnAnz et al. 2008). The effect of ultrasound 
on other compounds of interest have also been studied. A 
study on the use of ultrasound with 'Syrah' grapes proved 
to be an alternative for the extraction of total phenolic com-
pounds and anthocyanins (MAzzA et al. 2018).
Ultrasound can be applied by means of different type 
of equipment and for different lengths of time (el dARRA 
et al. 2013). In this study, the different effects of applying 
ultrasound for different time lengths were tested in order 
to select the optimal treatment conditions with a reduced 
energy consumption. Short ultrasound treatments (15 min) 
were more effective than moderate treatment in terms of 
the extraction of phenolic. 
This beneficial effect of ultrasound on some of the win-
emaking processes has been successfully extended to wine 
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aging. Really interesting results regarding the extraction of 
phenolic compounds from woods into red wines and spirits 
have been obtained (ChAng 2005, FeRRARetto and Celot-
ti 2016, zhAng and WAng 2017). Optimum conditions for 
the extraction of phenolic compounds from solid matter 
seems to be at 10-15 % ethanol in the liquid media and 
ultrasounds (zheng et al. 2014, zhAng and WAng 2017).
The present study intends to evaluate the effect of ap-
plying ultrasound for different lengths of time to 'Syrah' 
grapes must during its fermentation phase with regards to 
the extraction of phenolic compounds, anthocyanins, tan-
nins and aroma compounds. 
Material and Methods
W i n e  p r o d u c t i o n :  Approximately 750 kg of 
grapes from Vitis vinifera L. 'Syrah' were manually har-
vested at their optimum maturity phase (22.84 °Brix) from 
vineyards in the province of Cadiz (Spain). The grapes 
were stored at 4 °C for 24 h before processing.
The grapes were weighed (average weight = 1.54 g per 
berry), destemmed, and crushed. 50 L tanks were used for 
the fermentation process. Experiences were run in dupli-
cate. To prevent microbiological activation, sulfur dioxide 
was added to the pre-treated must (30 mg·L-1). Tartaric 
acid was used to adjust the pH at 3.6. Then, Saccharo-
myces cerevisiae yeast (Viniferm Elegancia, AGROVIN, 
Alcázar de San Juan, Spain) was added (20 g·hL-1) to the 
musts. The alcoholic fermentation began within 24 h of 
crushing. Fermentation temperature was fixed at 24 °C. 
Fermentation tanks were allocated in a special fermenta-
tion chamber with specific temperature control. Tempera-
tures at each fermentation tank were checked twice a day, 
values between 22.8 and 24.3 °C were recorded during the 
fermentation period.
The reference wine (REFERENCE) was obtained ac-
cording to traditional winemaking procedures, whilst US-
30MIN and US60MIN wines were obtained by applying 
ultrasounds for 15 or 30 min respectively twice a day until 
the pomace was pressed, i.e. for 16 d. The cap was punched 
down twice a day throughout the whole process, just be-
fore applying ultrasounds to the US30MIN and US60MIN 
tanks (Fig. 1). 
The ultrasound was applied by immersing the tanks 
in a water bath inside an ACM-200E system, a 28 KHz - 
2 KW system by ULTRATECNO (Valencia, Spain). The 
temperature was set up at constant 24 °C. Temperature in 
the fermentation tank was checked at the end of the ap-
plication of ultrasound, it reached values not higher than 
24.3 °C.
After the alcoholic fermentation (10 d) the grape pom-
ace was in contact with the wine for 6 d, then it was lightly 
pressed (1 kg·cm-2). The wines were then allowed to further 
settle and cold-stabilize at 4 °C for 4 weeks prior to bot-
tling, and 80 mg·L-1 of sulphur dioxide was added to obtain 
a free sulphur dioxide concentration of 30 to 40 mg·L-1. 
The 6 wines were bottled separately into 750 mL Bor-
deaux-style dark amber glass bottles. All the wines were 
stored at 20 °C until their analysis or tasting trials.
A n a l y t i c a l  c o n t r o l  o f  t h e  m u s t s  a n d 
w i n e s :  Both the musts and the wines have been char-
acterized by determining regular parameters (sugar con-
tent, ethanol, pH and total acidity) as well as polyphenols, 
anthocyanins and total tannin content. The density meas-
urements were carried out in a densimeter DMA 4500M 
(Anton Paar, Graz, Austria). Acidity was calculated by 
acid-base titration using a pHmatic 23 automatic tritrator 
(Crison, Düsseldorf, Germany). The red colour was de-
termined directly by absorbance measurements at 520 nm 
after a month of alcoholic fermentation and also during 
storage in the bottles. 
Anthocyanins and total phenolic compounds and tan-
nin contents were measured following the protocol for the 
determination of phenolic maturity based on the meth-
od developed by the Australian Wine Research Institute 
(AWRI) gishen et al. 2005, CARReRA et al. 2012) with mi-
nor modifications. To measure anthocyanins and total phe-
nolic compounds in the sample, a solution of 1M HCl was 
added and the absorbance was recorded at 520 and 280 nm 
respectively by means of a UV/VIS spectrophotometer 
V-530 (Jasco, Madrid, Spain).
For the determination of total tannins, the sample was 
treated with methylcellulose 0.04 % p/v and saturated am-
monium sulphate solution. Absorbance measurements at 
280 nm were compared to a water sample treated in the 
same way. The difference between both solutions indicated 
the concentration of total tannins (sARneCkis et al. 2006). 
For the determination of volatile compounds, a sol-
id-phase extraction (SPE) method was applied before the 
chromatographic analysis on a GC-MS system (model 
GCMS-TQ8040) using the method of PiñeiRo et al. 2004. 
The GC column was a SupraWax-280 column (60 m x 
0.25 mm x 0.25 µm). The gradient conditions were 50 °C 
(2 min), up to 250 °C at a rate of 10 °C·min-1. Finally, the 
temperature was increased up to 270 °C (2 min) at a rate of 
40 °C·min-1. Analysis were run five months after bottling 
the wines.
The peaks were identified by means of the NIST 1.4 
library (Gainthersburg, EEUU) by analogy with the mass 
spectra and then, confirmed based on the standards reten-
Fig. 1: Winemaking conditions.
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tion rates when possible, or according to the retention data 
found in the literature (selli et al. 2003 and 2006, gueRRe-
Ro et al. 2007, zhAng et al. 2015, BARon et al. 2016).
For the quantification of the compounds of the extracts 
made by the SPE technique, the recovery of the analyte 
was studied, since by means of the SPE technique the en-
tire analyte is not recovered. Standard samples of aromat-
ic compounds with known concentrations in a matrix of 
ethanol: 12 % water and also in another wine matrix were 
made. These samples were processed by the SPE technique 
and the extracts were analyzed in the GC-MS system. The 
recovery percentage was calculated by comparison be-
tween the result in the GC-MS system and the starting val-
ue in the sample. 
D e s c r i p t i v e  s e n s o r y  a n a l y s i s :  The six 
wines were evaluated five months after bottling by a trained 
panel of 12 volunteers formed by seven women and five 
men ranging from 21 to 51 years of age. All the panelists 
had wine tasting experience and were selected based on 
their availability and interest. Four training sessions were 
held to allow terminology and reference standards to be 
agreed upon lenoiR and RAyMond (2000). Following the 
training, panelists were asked to evaluate the six wines in 
three tasting sessions. In each session, six random wines 
were tasted. Four attributes were evaluated always in the 
same order: red fruit, floral, pepper and astringency texture 
(AnzAldúA MoRAles 1994).
Results and Discussion
The musts and wines from the three winemaking con-
ditions were evaluated for their levels of routine parame-
ters, phenolic compounds, volatile compound contents and 
tasting results. 
Fig. 2 (A) shows the evolution of the total phenolic 
compounds for the three different fermentation conditions 
assayed. It can be seen that from the beginning, the levels 
of total phenolics were higher in the musts treated with ul-
trasounds. The highest difference was obtained after 2 d 
of treatment. Values +41 % for US30MIN and +45 % for 
US 60 MIN higher than the reference must were registered 
for total phenolic compounds. Similar results have already 
been described on the effects of ultrasound by applying 
it to food (CheMAt and khAn 2011) to red grape residues 
(usAquén-CAstRo et al. 2006) or to wine fermentation (el 
dARRA et al. 2013). 
However, upon the fermentation had been complet-
ed, no significant differences were found among the fi-
nal levels for phenolic compounds in the three resulting 
wines. The Table shows the results corresponding to total 
phenolic compounds in three final wines: 1170 mg·L-1 of 
total phenolics (gallic acid equivalents) in the REFER-
ENCE wine versus 1212 mg·L-1 of total phenolics in the 
US60MIN wine. 
Fig. 2 (B) shows total anthocyanin contents. Differ-
ences for total anthocyanins between the reference must 
(REFERENCE) and the musts obtained using ultrasounds 
after the second day of the alcoholic fermentation, were 
greater than in phenolic compounds, with +87 % for US30 
MIN and +93 % for US 60 MIN in comparison with the 
reference must (REFERENCE). These results coincide 
with other studies on anthocyanin extraction by applying 
ultrasound in grape by-products (CoRRAles et al. 2008) 
or plum and grape peels (liu 2016). Nevertheless, after 
16 d of application, the levels for total anthocyanins in 
the resulting wines showed non-significant differences at 
95 % level of confidence (Table). Reference 'Syrah' wines 
reached 303 mg·L-1 of total anthocyanins (expressed as 
malvidin-3-glucoside), whilst US60MIN wines reached 
316 mg·L-1 total anthocyanins content. Fig. 2 (C) shows 
the evolution during the fermentation of the total tannin 
contents. From the beginning, the total tannin contents 
were higher in those musts that had been treated with ul-
trasound. The biggest differences were registered after 5 d, 
Fig. 2: Evolution of the extraction of total anthocyanins (A), total 
phenolic compounds (B) and total tannins (C) during alcoholic 
fermentation.
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(+ 23 % for US30MIN and + 36 % for US 60 MIN). After 
the fermentation, the resulting differences for total tannins 
between the wines obtained with ultrasound and the refer-
ence wines were largely reduced. Only the wine obtained 
using the longest treatment with ultrasound (US60MIN) 
showed a significantly higher value for total tannins than 
the reference wines (1231 vs 1101 mg·L-1 of total tannins 
content expressed as catechin). 
Therefore, it can be concluded that the application of 
ultrasounds speeds the extraction processes up from the 
grape skins and seeds. However, due to the long extraction 
period (16 d), similar extraction yields were found for the 
three resulting wines.
The effects of the winemaking techniques applied 
were also evaluated with regards to the aromatic compo-
sition of the final wines. The final aroma of a wine comes 
from both the grape and the fermentation process and it is 
the aromatic precursors of the grape (terpenic compounds, 
aldehydes, alcohols, C13 norisoprenoids and phenolic es-
ters) which give the varietal character to the wine (kenne-
dy et al. 2000, FeRReiRA et al. 2002).
These aroma precursors are found mostly in the solid 
parts of the grape. In the elaboration of a red wine, the skin 
is in contact with the must, during the whole fermentation 
period, favoring this diffusion to the wine. In this regard 
there is an extensive bibliography (selli et al. 2006, Mih-
neA et al. 2015, FeRReiRA et al. 2000). In order to study 
the effects of ultrasound treatment on wines, the research 
focused on those aroma components of interest that are in 
high concentrations and can be easily quantified. 
The compounds chosen are those whose recovery in 
the analysis method reaches at least 85 %. This ensures 
the reliability of the integration of chromatographic peaks.
Fig. 3 shows the relative values of volatile compounds 
in treated wines vs their content in the reference wines. 
For that purpose, a value of 100 was assigned to the level 
of each volatile compound in the reference wines. Values 
above 100 % means higher values than in the reference 
wines. 
It can be seen that all the identified compounds 
showed much higher levels in those wines obtained when 
ultrasounds had been applied according to either assayed 
conditions, i.e. 30 min or 60 min. Significant differences 
(p < 0.05) were found for all compounds in Fig. 3. To dis-
cuss the results of aroma compounds were grouped accord-
ing to their nature:
- Terpenic compounds, nerol and geraniol, two com-
pounds that are generally associated with flowery aroma 
(zhAng et al. 2015, MAyR et al. 2014, WAng et al. 2016). 
They can be found mainly in the grape skin, therefore high-
er levels in wines should be due to a better extraction effi-
ciency during the fermentation process in red wines. Nerol 
and geraniol exhibited a 30 % higher level in the wines 
produced using ultrasound during the alcoholic fermenta-
tion, than their reference wine produced by traditional fer-
mentation procedures. Therefore, ultrasound allows for a 
higher extraction recovery from the grape skins related to 
these specific compounds. 
- Alcohols, specifically, hydroxyl compounds, includ-
ing hex-3-en-1-ol and hexan-1-ol. They belong to the so-
called C6-compounds. These compounds are formed in 
grapes during pre-fermentative steps including harvesting, 
crushing and grape maceration. They derive from mem-
brane lipids, via the formation of hexanal from linoleic 
and α-linolenic acids (oliveiRA et al. 2006). These com-
pounds showed between 20 and 60 % higher contents in 
both wines treated with ultrasound. Therefore, their levels 
also demonstrate the higher extraction efficiency by the ul-
trasounds during the alcoholic fermentation. 
- Ethyl esters, ethyl hexanoate, ethyl octanoate, diethyl 
succinate, are formed during alcoholic fermentation by the 
esterification of fatty acids with ethanol. The acetates of 
higher alcohols and the ethyl esters of fatty acids are asso-
ciated whit floral and fruity aromas in young wines. Linear 
(C2-C4), medium (C6-C10), long (C6-C10) and branched 
(2-methyl propanoic, 2-methyl butanoic, etc.) volatile fatty 
acids are produced during alcoholic fermentation (FRAn-
Cis and neWton 2005). The wines that had been produced 
T a b l e
Absorbance at 520 nm, total polyphenols, total anthocyanins, total tannins and ethanol measured (average of 6 
determinations (3 analyses in 2 different wines ± standard deviation) in the final wines (30 d after the alcoholic 











Reference 0.581 ± 0.02a 1170 ± 19.2 a 303 ±  12.3 a 1100.8 ± 31.2 a 12.60 ± 0.15 a
US30MIN 0.610 ± 0.01 b 1185 ± 18.8 a 303 ± 22.2 a 1178.2 ± 20.8 a,b 12.54 ± 0.11 a
US60MIN 0.637 ± 0.01 c 1212 ± 16.1 a 316 ± 10.6 a 1230.9 ± 32.3 b 12.56 ± 0.18 a
Fig. 3: Relative levels of volatile compounds in final wines. Lev-
els in the Reference wines were fixed to 100 %. For the same 
compound, bars bearing different letters differ significantly 
(p < 0.05).
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using ultrasound showed up to 70 % increased levels of 
esters vs the reference wine. Ethyl hexanoate (pineapple 
flavour, MAyR 2014) increases by 69 % in US30MIN wine 
and 33 % in US60MIN wine. Ethyl octanoate (melon re-
lated aroma, MAyR 2014) increases by 29 % in US 30MIN 
and by 19 % in US60MIN. Diethyl succinate is an aromatic 
ester (also melon related aroma, PeinAdo, 2004) that in-
creased its concentration by 69 % in US30MIN and 33 % 
in US60MIN.
Therefore, in some cases, longer ultrasound applica-
tions produced lower levels of some aroma related com-
pounds. This means that some degree of degradation took 
place when ultrasound treatments was prolonged. 
Final levels for ethyl esters are directly related to the 
yeast metabolism and the effect of ultrasound application 
(kodA et al. 2009, kulkARni et al. 2015). Assuming that 
greater amounts of alcohols come from the de-amination 
of amino acids (PiñeiRo et al. 2006), those metabolic routes 
that need greater amounts of nitrogen would increase their 
activity (el-dAlAtony et al. 2019). The evolution of the 
fermentation was then checked. It must be noted that af-
ter 42 h of fermentation, there were differences between 
ultrasound treated must and reference one. Reference 
musts had a density of 1.0553 ± 0.001 (g·mL-1) higher than 
densities of US30MIN (1.0487 ± 0.001) and US60MIN 
(1.0455 ± 0,001) musts. Those differences remained sta-
ble over the rest of the fermentation time. Therefore, the 
fermentation process with ultrasound was faster than the 
alcoholic fermentation in the reference must. In this way, 
the application of ultrasound during the fermentation phase 
may affect the composition of the fatty acids in must due 
to changes in fermentation rates. It has been described that 
under anaerobic conditions, yeast produces medium-chain 
fatty acids, while when fermentation is carried out in aer-
obic or semi-aerobic conditions, more unsaturated fatty 
acids are produced (toRijA et al. 2003). So, the effects of 
ultrasounds could be related to the level of oxygen in must 
during the alcoholic fermentation.
In conclusion, the final levels in the wines that had 
been produced by ultrasound treatments were between 
20 % and 60 % higher than those of the reference wines 
(REFERENCE). The use of ultrasound during the fer-
mentation process did not reduce the volatile contents as 
a result of their degradation or for any other reason, but 
ultrasound treatments allowed for the production of more 
aromatic wines. 
T a s t i n g  p a n e l :  In the sensory analysis, the six 
wines were evaluated by a panel of trained volunteers. Dis-
criminatory tests were carried out in accordance with the 
UNE-EN ISO 4120 Standard (AENOR 2010) to determine 
if the wines resulting from the treatments were different. 
The results showed that the wines resulting from the study 
were different with a degree of significance of 99.9 %. The 
panelists were able to discriminate the reference wine in 
91 % of the cases. They could also distinguish USMIN30 
and USMIN60 wines in 75 and 86 % of the cases respec-
tively.
On the other hand, Fig. 4 shows the results of the de-
scriptive analysis. US30MIN wine had the highest score 
for fruit aromas (+11 % compared to the Reference wine) 
and flower aromas (+36 % compared to the Reference 
wine). The highest astringency intensity was reported for 
the wine with the longest ultrasound treatment, i.e. US-
60MIN (+ 31 % compared to the Reference wine). These 
tasting results are supported by the results previously 
found for terpenic compounds and total tannins. Levels for 
compounds such as nerol or geraniol provideing flowery 
aromas (WAng et al. 2016) were higher in must obtained 
using ultrasound. Additionally, those wines also showed 
higher levels for total tannins, then producing an stronger 
astringency.
Conclusions
Ultrasound applied to red grape musts during its alco-
holic fermentation allows for additional extraction of some 
specific compounds from the solid parts in grapes, includ-
ing some terpenic compounds. Additionally, ultrasound 
speeds up the fermentative process, which modifies the 
metabolism of grapes. It produced changes in some related 
compounds: ethyl esters. Ultrasound also speed up the ex-
traction process of phenolic related compounds. However, 
the final content levels were not different for total pheno-
lics and total anthocyanins, since similar amounts of those 
compounds were finally extracted by applying regular 
winemaking procedures. Final flavour properties for wines 
with and without ultrasound during the alcoholic fermenta-
tion were different. Ultrasound allowed for more aromatic 
wines, also with increased astringency.
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